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Ballast Water Research Projects at Ballast Water Research Projects at 
UWUW

Puget Sound Ship SamplingPuget Sound Ship Sampling
Efficacy of an Prototype Shipboard Ozone Efficacy of an Prototype Shipboard Ozone 

Treatment SystemTreatment System
Laboratory Laboratory Mesocosm Mesocosm Experiments with Experiments with 

Potential Treatment SystemsPotential Treatment Systems
Ozone, Ultraviolet (UV) Light, Ozone, Ultraviolet (UV) Light, SeaKleenSeaKleen®, ®, 

(Filtration/Chlorination)(Filtration/Chlorination)
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Experiments at Two ScalesExperiments at Two Scales

MesocosmMesocosm experimentsexperiments
75 gallons (280 liters) per replicate75 gallons (280 liters) per replicate

Microcosm experimentsMicrocosm experiments
3 liters per replicate3 liters per replicate



Experimental DesignExperimental Design

Water:  Puget SoundWater:  Puget Sound
Organisms:  Puget SoundOrganisms:  Puget Sound

MicroorganismsMicroorganisms
MesoplanktonMesoplankton, plankton > 73 or 110 µm, plankton > 73 or 110 µm

SeaKleenSeaKleen®:  1 and 2 ®:  1 and 2 ppm ppm active active 
ingredient, lower concentrations in ingredient, lower concentrations in 
future experimentsfuture experiments

Replication:  4 containers per treatmentReplication:  4 containers per treatment
Controls:  Organisms without Controls:  Organisms without SeaKleenSeaKleen®®



December 2003 December 2003 Mesocosm Mesocosm 
ExperimentsExperiments

Location:  USGS Location:  USGS MarrowstoneMarrowstone Marine Marine 
Field Station, Field Station, NordlandNordland, WA, WA

Puget Sound Water:  approx 8°C Puget Sound Water:  approx 8°C 
Amend water with additional Amend water with additional 

mesoplanktonmesoplankton
Enumeration of:Enumeration of:

CulturableCulturable bacteriabacteria
Live/dead/moribund zooplanktonLive/dead/moribund zooplankton



Mesocosm Mesocosm ExperimentsExperiments

USGS Marine Field Station, Puget Sound



Mesocosms





Collecting Mesoplankton for Experiments



Sampling Mesocosms





ZooplanktonZooplankton
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ZooplanktonZooplankton
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CulturableCulturable BacteriaBacteria

1.0E+06

1.0E+07

1.0E+08

1.0E+09

1.0E+10

0 20 40 60
Time (h)

Control 1 ppm 2 ppm Control (No Zooplankton



Summary of December 2003 Summary of December 2003 
ResultsResults

SeaKleenSeaKleen® at 1 and 2 ® at 1 and 2 ppmppm
Zooplankton:  nearly 100% killZooplankton:  nearly 100% kill
Bacteria:  no apparent declineBacteria:  no apparent decline
Phytoplankton:  awaiting results of Phytoplankton:  awaiting results of 

chlorophyll chlorophyll aa analysisanalysis
48 hour old 48 hour old SeaKleenSeaKleen® treated water® treated water

Zooplankton:  nearly 100% killZooplankton:  nearly 100% kill



Plans for Laboratory ExperimentsPlans for Laboratory Experiments

“Microcosm” Experiments“Microcosm” Experiments
3 liters of Puget Sound water held in 1 gallon 3 liters of Puget Sound water held in 1 gallon 
jarsjars

SeaKleenSeaKleen®:  0.1 to 1 ®:  0.1 to 1 ppmppm concentrations to find concentrations to find 
threshold concentrationthreshold concentration

Temperatures:  8 and 12°CTemperatures:  8 and 12°C
Zooplankton from Puget SoundZooplankton from Puget Sound
SeaKleenSeaKleen®®--treated water “retreated water “re--spiked” with Puget spiked” with Puget 

Sound zooplankton at 48 and 96 hoursSound zooplankton at 48 and 96 hours



Shipboard Experiment with Shipboard Experiment with 
SeaKleenSeaKleen®®

GrotonGroton
Integrated Tanker Barge (ITB)Integrated Tanker Barge (ITB)

Built:  1982Built:  1982

United States Shipping LLCUnited States Shipping LLC
Edison, NJEdison, NJ
Company operates 6 ITB vesselsCompany operates 6 ITB vessels

Size: 48,000 DWTSize: 48,000 DWT
Ballast water:  San Francisco BayBallast water:  San Francisco Bay
Sample treated and control ballast tanks Sample treated and control ballast tanks 

during voyage to Puget Soundduring voyage to Puget Sound



Photos from U.S. Shipping web site



S/T S/T TonsinaTonsina
Alaska Tanker Company, LLCAlaska Tanker Company, LLC

DoubleDouble--hull tankerhull tanker
869 feet long x 136 feet beam869 feet long x 136 feet beam
Cargo capacity 807,000 Cargo capacity 807,000 bblsbbls

12 cargo tanks (~2,800,000 gallons/tank)12 cargo tanks (~2,800,000 gallons/tank)
Ballast capacity 269,520 Ballast capacity 269,520 bblsbbls

12 ballast tanks (~850,000 gallons/tank)12 ballast tanks (~850,000 gallons/tank)

UW Experience with Shipboard Sampling and TestsUW Experience with Shipboard Sampling and Tests







S/T S/T TonsinaTonsina: double: double--hulled, hulled, 
doubledouble--bottomedbottomed





Sampling microbiology and 
ballast water chemistry with 
Niskin bottle.





Sampling zooplankton with vertical plankton tow



Observing zooplankton under a microscope



Nissa Ferm deciding “live, dead, or moribund.”



Plans for Plans for SeaKleenSeaKleen® Shipboard ® Shipboard 
ExperimentExperiment

Ship:  Ship:  GrotonGroton
“Paired ballast tanks”“Paired ballast tanks”

Treated ballast tank and control ballast tankTreated ballast tank and control ballast tank
Collect water at 2 Collect water at 2 -- 3 depths in tank3 depths in tank

Microbiology, chemistryMicrobiology, chemistry
Collect zooplankton with net (vertical tow)Collect zooplankton with net (vertical tow)

Integrated sample from bottom to topIntegrated sample from bottom to top



SamplesSamples

Zooplankton:  determination of Zooplankton:  determination of 
live/dead/moribund after collectionlive/dead/moribund after collection

Bacteria:  determination of Bacteria:  determination of culturableculturable cellscells
Phytoplankton:  chlorophyll Phytoplankton:  chlorophyll aa analysisanalysis
“Living biomass”:  measure ATP“Living biomass”:  measure ATP
Toxicity assay:  method to be decidedToxicity assay:  method to be decided
Collection times:  after tank is filled; 1, 2 Collection times:  after tank is filled; 1, 2 

days following; before dischargedays following; before discharge



Other Possible Research ActivitiesOther Possible Research Activities

Biodegradation and fate of Biodegradation and fate of SeaKleenSeaKleen®®
Microbial Microbial mineralizationmineralization and degradationand degradation
Characterization of microorganisms that degrade Characterization of microorganisms that degrade 

SeaKleenSeaKleen®®
Temperature and light effects on degradationTemperature and light effects on degradation

Rapid toxicity bioassayRapid toxicity bioassay
LumitoxLumitox® ® -- bioluminescent marine bioluminescent marine dinoflagellatedinoflagellate

((Pyrocystis lunulaPyrocystis lunula))

Rapid analytical methodRapid analytical method
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